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DQGIRUFHIXO FRQGLWLRQV$ FUHDWLRQ RI PDWHULDOVZLWKVSHFLILHGDQGPLQLPDO FRHIILFLHQWRIWKHUPDOH[SDQVLRQ&7(
LV RQH GLUHFWLRQRIVXFKUHVHDUFKHV,QYDUDOOR\VEDVHGRQ)H1LV\VWHPDQGVXSHULQYDUDOOR\VEDVHGRQ)H1L&R
V\VWHPDUHVXFKPDWHULDOV7KHVHDOOR\VFDQKDYH &7( YDOXHV FORVHGWR]HUR >*UDFKHYHWDO@ 7KHFRQYHQLHQW
PDQXIDFWXULQJWHFKQRORJ\RIPRGHUDWHVL]HSURGXFWVLVEDVHGRQPHWDOIRUPLQJWHFKQRORJ\GXHWRKLJKPROGDELOLW\
DQGVPDOOSUHFLSLWDWLRQKDUGHQLQJ DWGHIRUPDWLRQDODFWLRQV
+RZHYHU PDQXIDFWXUH RI PRGHUQ SURGXFWV RI QHZ FRQVWUXFWLRQV RI GLIIHUHQW SXUSRVH LV RIWHQ EDVHG RQ XVH RI
ODUJHVL]HFRPSOH[SURILOHGHWDLOV 0HWDO IRUPLQJ WHFKQRORJ\ IRU PDQXIDFWXUH RI VXFK SURGXFWV LV LQFRQYHQLHQW LQ
VRPHFDVHVRUHYHQLWLVLPSRVVLEOH,QWKLVUHJDUGIXUWKHU GHYHORSPHQWRI PHWDOORSK\VLFD UHVHDUFKHVRIPDWHULDOZLWK
VSHFLILHGDQGPLQLPDO &7( YDOXHV LV LQWHQGHGIRUSURGXFWVRIODUJHZHLJKWFRPSOH[SURILOH SURGXFWV SURGXFHGE\
FDVWLQJ WHFKQRORJ\
0RGHUQ FDVWLQJ PHWKRGV DUH YDULRXV DQG OHDG WR KLJKTXDOLW\ FDVWLQJV %XW XVH RI FDVWLQJ WHFKQRORJLHV IRU
SURGXFWLRQ RI GHWDLOVIURPLQYDUDQGVXSHULQYDUDOOR\VLVH[WUHPHO\FRPSOH[GXHWRORZFDVWLQJSURSHUWLHVRIWKHVH
DOOR\V LOOXVWUDWHGE\ H[LVWHQFH RI GHIHFWV LQ ILQDO SURGXFWV >*UDFKHY HW DO &KHUPDQVNLL HW DO @ ,Q WKLV
UHJDUG GHYHORSPHQW RI FDVWLQJ WHFKQRORJ\ RI LQYDU DQG VXSHULQYDU DOOR\V IRU SURGXFWLRQ RI KLJKTXDOLW\ FDVWLQJV
VWXG\LQJ SKDVH WUDQVIRUPDWLRQV DQG WKH VWUXFWXUH IRUPDWLRQZKLFK IRUP WKH EDVH RI WKHUPDO SURSHUWLHV RI FDUERQ
FDVWLQJLQYDUDOOR\VLV DQXUJHQWLVVXH
$W WKH VDPH WLPH WUDQVLWLRQ WR FDVWLQJ WHFKQRORJLHV RI SURGXFWLRQ DOOR\V ZLWK VSHFLILHG DQG PLQLPDO &7(
LQYROYHV FRQGXFWLQJ D QXPEHU RI LQYHVWLJDWLRQV DLPHG WR VWXG\LQJ WKH VWUXFWXUH IRUPDWLRQ LQ FDUERQ LQYDU DQG
VXSHULQYDU DOOR\V NLQHWLFV DQGPHFKDQLVPV RI SKDVH WUDQVIRUPDWLRQV D UROH RI FDUERQ LQ IRUPDWLRQ RI VSHFLILHG
WKHUPDOSURSHUWLHVJUDSKLWL]DWLRQSURFHVVHVLQIOXHQFH RI VL]HDQGPRUSKRORJ\RIJUDSKLWLF LQFOXVLRQVRQSURSHUWLHV
RI DOOR\GHYHORSPHQWRIRSWLPXPFRPSRVLWLRQDQGWHFKQRORJLFDO URXWHV RI FDVWLQJ FDUERQDOOR\V
 5HVXOWVDQGGLVFXVVLRQ
)H1L&R& ZW LVFKRVHQDVEDVLFDOOR\7KLVDOOR\ SRVVHVVHV ORZ &7( DIWHUFU\VWDOOL]DWLRQ
Į  ǜ.DIWHUKLJKWHPSHUDWXUHDQQHDOLQJ&KĮ  ǜ.%HVLGHVWZRDGGLWLRQDODOOR\V
KDGEHHQREWDLQHGRIWKHIROORZLQJFRPSRVLWLRQ )H1L&R&DQG)H1L&R&ZKLFK
DOVR KDYH ORZ &7(DOOR\ZLWK &KDV Į  ǜ. DIWHUFU\VWDOOL]DWLRQDQG Į ǜ. DIWHUKLJK
WHPSHUDWXUH DQQHDOLQJ & K DOOR\ ZLWK & KDV Į   ǜ. DIWHU FU\VWDOOL]DWLRQ DQG Į  
ǜ. DIWHUKLJKWHPSHUDWXUHDQQHDOLQJ& K
 6WUXFWXUHIRUPDWLRQDIWHUFU\VWDOOL]DWLRQDQGKHDWWUHDWPHQW
*UDSKLWHFU\VWDOV DUH ILUVWO\ IRUPHGIURPFDUERQFOXVWHUVDW WHPSHUDWXUHFORVH WR OLTXLGXV WHPSHUDWXUH LQ OLTXLG
DOOR\ ULFK LQ QLFNHO6LPXOWDQHRXVO\RUVOLJKWO\EHORZ QXFOHL RIDXVWHQLWH FRPSRVLWLRQFOXVWHUV DUH IRUPHGZKLFK
JHQHUDWH ILUVW RUGHU GHQGULWHV *URZLQJ DXVWHQLWH FU\VWDOV DUH GHSOHWHG LQ FDUERQ LQ FRPSDULVRQ ZLWK DOOR\ ,Q
DGGLWLRQSRUWLRQVRIDOOR\ZKLFKDUHNHSWEHWZHHQ GHQGULWHV D[HV DUH HQULFKHGLQ FDUERQDQG LWV FRQFHQWUDWLRQ PD\
H[FHHGVROXELOLW\OLPLWRIFDUERQLQDXVWHQLWH&RQVHTXHQWO\FU\VWDOOL]DWLRQRIDOOR\ HQGV DVHXWHFWLFWUDQVIRUPDWLRQ
DXVWHQLWHJUDSKLWHHXWHFWLFXPZLWKGLVSHUVHGFU\VWDOVRIJUDSKLWHLQSRUWLRQRIOLTXLGDOOR\HQULFKHGZLWKFDUERQDW
LQWHUD[LDO VSDFHVRIGHQGULWHV$FFRUGLQJ WR OLWHUDWXUH GDWD )H&SKDVH LVPHWDVWDEOHDW KLJK WHPSHUDWXUH&DUERQ
DQG)H&FRH[LVWLQOLTXLGVWDWH FDUERQH[LVWV LQVWDEOHIRUPRIFOXVWHUVZKLOH )H&H[LVWDVDULVLQJ DQG FRQWLQXRXVO\
EUHDNLQJ ERXQGDULHV EHWZHHQ FOXVWHUV RI JUDSKLWH DQG DXVWHQLWH &U\VWDOV RI FHPHQW FDUELGH W\SH FRXOG QRW EH
GHWHUPLQHG E\ ;UD\ LQ ȖVROLG VWDWH )XUWKHU ORZHULQJ RI WHPSHUDWXUH EHORZ OLTXLGXV OHDGV WR DXVWHQLWH
VXSHUVDWXUDWLQJ ZLWKFDUERQLQDFFRUGDQFHWR VROYXVFXUYHRI DXVWHQLWH$V DUHVXOWVHFRQGDU\JUDSKLWH SUHFLSLWDWHV
ZKLOH GLIIXVLRQDO SRUWDELOLW\LV VXIILFLHQWIRUVHFRQGDU\ JUDSKLWL]DWLRQ
'HQGULWLFFHOOVWUXFWXUHLVW\SLFDOIRU FDVWLQJ VXSHULQYDUDOOR\&DUERQLQ)H1L&R&DOOR\H[LVWV
LQIUHHVWDWH DQGKDV VSKHULFDO IRUPGLDPHWHU XS WRP ILJDD ,QFOXVLRQV RIJUDSKLWHEHFRPHODUJHU ZLWK
LQFUHDVLQJRIFDUERQFRQWHQW ILJDD
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'LVWULEXWLRQRIFDUERQ LQFOXVLRQV FKDQJHV DIWHUWKHUPDO WUHDWPHQW DQQHDOLQJ &KDQGZDWHUTXHQFKLQJ
& DQGDVDUHVXOWWKHLUPRUSKRORJ\ DOVRFKDQJHV &DUERQ LQFOXVLRQV RIWHQ EHFRPHVPDOOHU WR PDQG
DUUDQJHRQDOO DUHDRISROLVKHGVXUIDFH DQG LQVRPHFDVHV DUH ORFDWHGRQ JUDLQERXQGDULHV RIȖVROLGVROXWLRQ ILJ
EE
$Q RI LQIOXHQFH RI GLIIHUHQW KHDW WUHDWPHQW VFKHGXOHV ZKLFK DUH XVHG LQ FDVH RI FDUERQIUHH LQYDU DOOR\V RQ
VWDELOLW\RI VWUXFWXUHFRQVWLWXHQWVRILQYHVWLJDWHG DOOR\V VKRXOGEHQRWHG +HDWWUHDWPHQWLQFOXGLQJ ZDWHUTXHQFKLQJ
 & DQG ZDWHU TXHQFKLQJ  & ZLWK VXEVHTXHQW ORZ WHPSHUDWXUH DQQHDOLQJ  & K OHDG WR
DGGLWLRQDOSURFHVVHVZKLFKFKDQJHFDUERQGLVWULEXWLRQ GXULQJWKH UHKHDWLQJ7KLVIDFWLVXQGHVLUHGIRUIRUPDWLRQRI
VWDEOH &7( YDOXHV ZKHUHDVRQO\VWDEOH VWUXFWXUHFRQVWLWXHQWV ȖSKDVH GHSOHWHGLQ FDUERQDQGJUDSKLWHDUHDEOHWR
HQVXUH WKH UHTXLUHG SDUDPHWHUV RI WKHUPDO H[SDQVLRQ 7KH PRVW VWDEOH VWUXFWXUH FRQVWLWXHQWV DUH REVHUYHG DIWHU
DQQHDOLQJ &K  &K7KHLQWHUSUHWDWLRQRIDGGLWLRQDOSURFHVVZKLFKFKDQJHVFDUERQGLVWULEXWLRQLVDV
IROORZV DKLJKWHPSHUDWXUHVWDWHLVIL[HGGXULQJTXHQFKLQJ ZKLOHFDUERQPRUHDFWLYH GLVVROYHV LQVROLGVROXWLRQȖ
SKDVHDW WHPSHUDWXUHVFORVH WR & +HQFH JUDSKLWL]DWLRQUHDFWLRQRI)H1LVROLGVROXWLRQ VDWXUDWHG E\FDUERQ
WDNHV SODFH &DUERQ LV VHSDUDWHG RXW E\ UHGLVWULEXWLRQ EHWZHHQ H[LVWLQJ FDUERQ FHQWHUV DQG JUDLQ ERXQGDULHV LQ
LQWHUGHQGULWLF VSDFH ZLWKLQFUHDVHGGHIHFWGHQVLW\HJ ODWWLFH YDFDQFLHV DQGGLVORFDWLRQV
D E
D E
D E
)LJ0LFURVWUXFWXUHVRI)H1L&R&DOOR\DDIWHU FU\VWDOOL]DWLRQEDIWHUDQQHDOLQJ&K
)LJ0LFURVWUXFWXUHVRI )H1L&R& DOOR\DDIWHUFU\VWDOOL]DWLRQEDIWHUDQQHDOLQJ&K
)LJ0LFURVWUXFWXUHVRI )H1L&R& DOOR\DDIWHUFU\VWDOOL]DWLRQEDIWHUDQQHDOLQJ &K
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 7KHUPDODQDO\VLV
)LJ  LOOXVWUDWHV WHPSHUDWXUH GHSHQGHQFH RI GLIIHUHQWLDO WKHUPDO DQDO\VLV '7$ VLJQDOV RI LQYHVWLJDWHG DOOR\V
DIWHUFU\VWDOOL]DWLRQ7KHFXUYHVRIDOOR\VZLWKDQGFDUERQFRQWHQWDUHVLPLODU,WLVLQGLFDWHWKDW SKDVH
WUDQVIRUPDWLRQV LQWKHVHDOOR\V DUHDOVRVLPLODU 3HDNV WHPSHUDWXUHQHDU &PD\EHLQWHUSUHWHGDVHIIHFWRIKHDW
UHOHDVH LQ WKH FRXUVH RI JUDSKLWL]DWLRQ UHDFWLRQ ,W VKRXOG EH QRWHG WKDW WKLV SHDN LV VKLIWHG E\ & WR KLJKHU
WHPSHUDWXUH IRUDOOR\ZLWK FDUERQFRQWHQW7KHFXUYHRI DOOR\ZLWK FDUERQFRQWHQW VXEVWDQWLDOO\ GLIIHUV
IURPUDWHRIFXUYHVRIDOOR\VZLWKORZFDUERQ FRQWHQW&DQG&,W LQGLFDWHVWRWKH SRVVLEOHH[LVWHQFHRI
GLIIHUHQW WUDQVIRUPDWLRQPHFKDQLVPV DQGPDQQHU RI FDUERQ GLVWULEXWLRQ LQ LQYHVWLJDWHG DOOR\V7KH GHFUHDVLQJ RI
'7$VLJQDOVLQKLJKWHPSHUDWXUHUHJLRQLQGLFDWHV WRWKHH[LVWHQFHRIKHDWDEVRUSWLRQE\ GXHWREHJLQQLQJRIFDUERQ
GLVVROXWLRQ LQȖSKDVH
)LJ7HPSHUDWXUHGHSHQGHQFHRI'7$VLJQDOVRIVXSHULQYDUDOOR\VZLWKGLIIHUHQWFDUERQFRQWHQW
'7$FXUYHVRIKHDWWUHDWHGVDPSOHVDQQHDOLQJDW&KZDWHUTXHQFKLQJDW&ZDWHUTXHQFKLQJDW
&ZLWKDQQHDOLQJDW&KDUHJLYHQ LQILJ6DPSOHVZHUHWHVWHGE\WZRVHTXHQWLDOKHDWLQJWR&
ZLWKUDWHRI&VHF
)LJ 7HPSHUDWXUHGHSHQGHQFHRI'7$VLJQDORIDOOR\ZLWK&DDIWHUDQQHDOLQJ&KEDIWHU ZDWHUTXHQFKLQJ DW  &ZLWK
DQQHDOLQJDW&K
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)LJ 7HPSHUDWXUHGHSHQGHQFHRI'7$VLJQDORIDOOR\ZLWK&DDIWHUDQQHDOLQJ&KEDIWHUZDWHUTXHQFKLQJDW &ZLWK
DQQHDOLQJDW&K
$OOR\ZLWKFDUERQFRQWHQWGRHVQRWGLVSOD\GLIIHUHQFH EHWZHHQGLIIHUHQWKHDWLQJWHPSHUDWXUHV ILJ D7KH
WHPSHUDWXUHGHSHQGHQFHRIDOOR\ZLWKFDUERQFRQWHQW LVVLPLODU WR WKDW RIDOOR\ZLWKFDUERQFRQWHQW
'7$ VLJQDO RI VHFRQG KHDWLQJ IRU DOOR\ ZLWK   FDUERQ FRQWHQW LV ORZHU WKDQ WKDW RI ILUVW KHDWLQJ GXH WR
RFFXUUHQFH RI VWUXFWXUDO WUDQVIRUPDWLRQ LQ WKH DOOR\ ILJ D )DVW FRROLQJ UDWH OHDGV WR IL[DWLRQ KLJKWHPSHUDWXUH
VWDWHZLWKLQFUHDVHGFDUERQFRQWHQW LQ ȖVROLGVROXWLRQ 7KXV GXULQJ VHFRQGKHDWLQJ WKH JUDSKLWL]DWLRQUHDFWLRQWDNHV
SODFHZLWKFKDQJLQJ RI FKDUDFWHU RI FDUERQ LQFOXVLRQV$V D UHVXOW VWDWH WKDWDURXVHG GXULQJ WKHILUVWKHDWLQJ SUHYHQWV
ILQLVKLQJRI FDUERQ LQFOXVLRQVWUDQVIRUPDWLRQ DW JLYHQ KHDWLQJ DQGFRROLQJ UDWHV 'XULQJ VHFRQGKHDWLQJ WKHSURFHVV
WDNHVSODFH OHDGLQJ WR LQFUHDVLQJ RI'7$VLJQDO7KLV LV LQDFFHSWDEOH GXULQJ H[SORLWDWLRQ RI WKH DOOR\EHFDXVHRI
UHYHDOHGLQVWDELOLW\RIKHDWLQJLQIOXHQFH
'7$ VLJQDO RIKHDWLQJ LQIOXHQFH LVFDUULHGRXWXSWRPHOWLQJRIDOOR\VZLWKDQGFDUERQFRQWHQW,W
ZDVQHFHVVDU\IRUPHDVXUHPHQWRIWHPSHUDWXUHVRIEHJLQQLQJDQGHQGLQJRIDOOR\VPHOWLQJDVZHOODV IRUHYDOXDWLRQ
RIFU\VWDOOL]DWLRQFKDUDFWHU'LIIHUHQW UDWHV RIKHDWLQJDQGFRROLQJDQG&PLQ ZHUHFKRVHQ LQSUHVHQWZRUN
7KH WHPSHUDWXUHV RI SKDVH WUDQVIRUPDWLRQV GXULQJ KHDWLQJ QDWXUDOO\ GHFUHDVH ZLWK GHFUHDVLQJ RI KHDWLQJ UDWH
)LQDOO\ WHPSHUDWXUHVRIEHJLQQLQJDQGHQGLQJRIDOOR\VPHOWLQJ KDGEHHQREWDLQHG E\OLQHDUH[WUDSRODWLRQ RI '7$
FXUYH WDNLQJ LQWR DFFRXQW WHPSHUDWXUH FRUUHFWLRQ ZKLFK ZDV IRXQG IURP FDOLEUDWLRQ SURFHGXUH RI SKDVH
WUDQVIRUPDWLRQV LQ SXUH LURQ 7KHFKDUDFWHUV RI'7$FXUYHVRI LQYHVWLJDWHGDOOR\V ZLWKDQGFDUERQ
FRQWHQWDUHVLPLODU
7KHWHPSHUDWXUHVRIPHOWLQJEHJLQQLQJDQGHQGLQJRIDOOR\ZLWKFDUERQFRQWHQWDUH&DQG&
FRUUHVSRQGLQJO\ 7KH GLIIHUHQFH LV LV  & 'LIIHUHQFH EHWZHHQ WHPSHUDWXUHV RI VDPSOH DQG UHIHUHQFH QRQ
PRQRWRQLFDOO\ FKDQJHG GXULQJ PHOWLQJ GXH WR FRPSOH[LW\ RI PHOWLQJ SURFHVV (XWHFWLF FU\VWDOOL]DWLRQ RI VDPSOH
RFFXUVZLWKLQWKHUDQJHRI   &
7KHWHPSHUDWXUHVRIPHOWLQJEHJLQQLQJDQGHQGLQJRIDOOR\ZLWKFDUERQFRQWHQWDUH&DQG&
FRUUHVSRQGLQJO\ 7KH GLIIHUHQFH LV&ZKLFKLVVLJQLILFDQWO\ORZHUFRPSDUHGZLWKSUHYLRXVVDPSOH,QDGGLWLRQ
GLIIHUHQFH EHWZHHQ WHPSHUDWXUH RI WHVWLQJ VDPSOH DQG UHIHUHQFH RQH PRQRWRQLFDOO\ FKDQJHV DV FRPSDUHG WR
SUHYLRXV VDPSOH(XWHFWLFFU\VWDOOL]DWLRQRIVDPSOHDOVRRFFXUVZLWKLQWKHUDQJHRI  &
7HPSHUDWXUH LQWHUYDO EHWZHHQ OLTXLGXV DQG VROYXV LV RI D VSHFLDO LQWHUHVW ,Q ERWK '7$ FXUYHV WKH SKDVH
WUDQVIRUPDWLRQLVREVHUYHGGXULQJ FRROLQJRIOLTXLGDOOR\ ILJ 
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)LJ7HPSHUDWXUHGHSHQGHQFHRI'7$VLJQDOVGXULQJKHDWLQJWRPHOWLQJDQGFRROLQJUHG  DOOR\ZLWK&EOXH  DOOR\ZLWK&
2Q KHDWLQJFXUYHVRIERWKDOOR\VRQHFDQVHHDVOLJKWVWHSOLNHHIIHFWEHIRUHPHOWLQJGXHWRWKHEHJLQQLQJPHOWLQJ
RI HXWHFWLFXP &U\VWDOOL]DWLRQ EHJLQV IURP JUDGXDO JUDSKLWH IRUPDWLRQ DQG SUHFLSLWDWLRQ RI GHQGULWHV LQ PLFUR
YROXPHVRIOLTXLGDOOR\ GHSOHWHGLQ FDUERQ%XWWKLVSURFHVV GRHVQRWDIIHFWRQFRROLQJFXUYHSUREDEO\ GXHWRVPDOO
RYHUKHDWLQJGHJUHHRIOLTXLGDOOR\,WLVLPSRUWDQWWRQRWHWKDWVKDUSSHDNRIFRROLQJFXUYHLQ WHPSHUDWXUH UDQJH  
&LQGLFDWHV WR FU\VWDOOL]DWLRQRIPDLQYROXPHE\ HXWHFWLFUHDFWLRQ3UHVHQWHIIHFW LVPRUH SURQRXQFHG IRUDOOR\
ZLWK &WKDQIRU DOOR\ZLWK &
 &7( YDULDWLRQ
$OVR PHFKDQLVP RI &7( FKDQJLQJ DW WHPSHUDWXUH UDQJH DIWHU F\FOLF KHDWLQJ KDV EHHQ LQYHVWLJDWHG LQ SUHVHQW
ZRUN6DPSOHVRIDOOR\VZLWKGLIIHUHQWFDUERQFRQWHQW ZHUH LQYHVWLJDWHGDWUHSHDWHG KHDWLQJV WKUHHF\FOHVZLWK UDWH
RI &PLQXS WR&$VFDVWDOOR\ ZDV DUHIHUHQFH 7KHFXUYH FKDUDFWHU RIDOOR\ZLWK &LQGLFDWHV WR
LQFUHDVHG &7( YDOXHV LQ DVFDVW VWDWH ILJ D,WLVNQRZQ WKDW JUDSKLWL]DWLRQSURFHVVEHJLQVDWDSSUR[LPDWH&
EXW WKLVHIIHFWFDQQRWEHHVWLPDWHG RQ GLODWRPHWULF FXUYH EHFDXVHRI UHGXFHGFDUERQFRQWHQW LQ WKH DOOR\ ,Q ORZ
WHPSHUDWXUHUHJLRQWR& FKDUDFWHU RIHORQJDWLRQ FXUYHV DIWHUKHDWLQJVDVZHOO DVDIWHU UHSHDWHGKHDWLQJV WR
& LV VLPLODU DQG VXEVWDQWLDOO\ GLIIHUV IURPUDWHRIFXUYHVRIDVFDVWDOOR\V&DOFXODWLRQRI &7( LQGLIIHUHQW
WHPSHUDWXUHV UHJLRQV VKRZV WKDW VWDWH DIWHU FU\VWDOOL]DWLRQ LV FKDUDFWHUL]HG LQFUHDVHG E\ LQFUHDVHG&7( FRPSDUHG
ZLWK VWDWH DIWHU KHDWLQJ WUHDWPHQW ILJ D RZLQJ WRPDMRU FRQWULEXWLRQ RI FDUERQ RI ȖVROLG VROXWLRQ $IWHU KHDW
WUHDWPHQW JUDSKLWL]DWLRQSURFHVV ILQLVKHV LQ D KLJKWHPSHUDWXUHUHJLRQ$VDUHVXOWFDUERQ WXUQV LQWRJUDSKLWHDQGLW
GRHVQRWOHDGWRHVVHQWLDOLQFUHDVHRI &7(
)LJ 7HPSHUDWXUHGHSHQGHQFHRI&7( DDOOR\ZLWK&EDOOR\ZLWK&
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5HSHDWHGKHDWLQJV WR & GQRW OHDG WR&7( FKDQJH WKDWSURYHVSRVVLELOLW\RIXVHRI WKLV DOOR\ LQ DOOR\ LQ
YDULDEOHWKHUPDOFRQGLWLRQ
,WLVZRUWKWRXQGHUOLQHDOPRVW]HUROHQJWKHQLQJRIDOOR\VDPSOHVZLWK &GXULQJLQFUHDVLQJRIWHPSHUDWXUH
LQORZWHPSHUDWXUHUHJLRQWR &DWUHSHDWHGKHDWLQJILJ E3UHVXPDEO\VXFKEHKDYLRU LV FRQQHFWHGWR VWURQJ
LQIOXHQFHRI PDJQHWRVWULFWLRQRQWKHUPDOH[SDQVLRQ7KHKLJKPDJQHWRVWULFWLRQVXSSUHVVHV WKH LQFUHDVLQJHQHUJ\RI
WKHUPDOYLEUDWLRQVRIDWRPVXS WR WKH FHUWDLQ WHPSHUDWXUHRIKHDWLQJ +RZHYHU VKDUS LQFUHDVLQJRI OHQJWKHQLQJRI
DOOR\VDPSOHVLVREVHUYHG DERYH& LW WHVWLILHV WKDWPDJQHWLFWUDQVIRUPDWLRQV LQWKHDOOR\DUHFRPSOHWHG,W LV
SRVVLEOH WR SURYLGH FRQVWDQW YDOXHV RI WKHUPDO H[SDQVLRQ ZKLFK GR QRW FKDQJH GXULQJ WKHUPDO YDULDWLRQV DV LV
REYLRXV IURP &7( FKDQJLQJ LQ GLIIHUHQW WHPSHUDWXUH UHJLRQV 7KLV IDFW NHHSLQJ &7( FRQVWDQW LQ VSHFLILHG
WHPSHUDWXUH UHJLRQV LV QHFHVVDU\ FRQGLWLRQ RI H[SORLWDWLRQ RI SURGXFWV PDGH RI WKH LQYHVWLJDWHG DOOR\V 7KH
FKDUDFWHU RI VDPSOHOHQJWKHQLQJ DQG &7( GHSHQGHQFHRIDOOR\ZLWK &DUHVLPLODUWR WKDW RI DOOR\ZLWK 
&
 &RQFOXVLRQ
,QSUHVHQWSDSHU WKH PRGHORIVWUXFWXUHIRUPDWLRQDQGWKHUPDOSURSHUWLHV RI FDUERQFRQWDLQLQJVXSHULQYDUDOOR\V
GXULQJ FU\VWDOOL]DWLRQ DQG KHDW WUHDWPHQW KDYH EHHQ FODULILHG )RU WKH ILUVW WLPH IRUPDWLRQ RI DXVWHQLWHJUDSKLWH
HXWHFWLFXP GXULQJWKHFU\VWDOOL]DWLRQRIVXSHULQYDUDOOR\VGRSHGLQFDUERQ ±  ZW LVVKRZQ 0RUSKRORJ\
DQGGLVWULEXWLRQRI FDUERQ LQFOXVLRQVRI FDVW VXSHULQDYHU DOOR\V )H1L&R& ZW )H1L
&R& )H1L&R&KDYHEHHQGHWHUPLQHG $QQHDOLQJ&K&KRIDOOR\V
FRQWDLQLQJ DQG&OHDGVWR FRDUVHQLQJ RIH[LVWHQWLQFOXVLRQZLWKWHQGHQF\WRLVRODWLRQRQ JUDLQ ERXQGDULHV
RI ȖVROLG VROXWLRQ ,Q DOOR\ZLWK KLJK FDUERQ FRQWHQW & FKDQJLQJ RI FKDUDFWHU RI H[LVWHQW JUDSKLWH FHQWHUV
GRHVQRW RFFXU EXW FRDUVHQLQJ RIH[LVWHQWLQFOXVLRQLVPRUHDFWLYH
&7(YDOXHV RI VXSHULQYDU DOOR\V )H1L&R& ZW )H1L&R& )H1L
&R&KDYHEHHQREWDLQHG LQ WHPSHUDWXUHUDQJH ± &&7(YDOXHVDIWHUKHDWLQJXS WR&
GHFUHDVHPRUH WKDQWZLFH FRPSDUHGZLWKWKDWLQ DV FDVWVWDWH5HSHDWHGKHDWLQJGRHVQRWOHDGWR&7(FKDQJLQJ
&DUERQ LQIOXHQFH RQ JUDSKLWL]DWLRQ SURFHVV KDV EHHQ LQYHVWLJDWHG 7KH GHYLDWLRQ IURPPRQRWRQLF FKDUDFWHU RI
H[SDQVLRQLVUHJLVWHUHGRQGLODWRPHWULFFXUYHGXULQJKHDWLQJRI FDVW LQYDUDOOR\)H1L&R& LQ ±
 & WHPSHUDWXUH UDQJH ,W FRQQHFWV WR JUDSKLWL]DWLRQ SURFHVV DQG DV D UHVXOW ZLWK FKDQJLQJ RI JUDSKLWH
PRUSKRORJ\DQGJUDSKLWH LQFOXVLRQV
+HDW WUHDWPHQW RI FDVW DOOR\V )H1L&R& ZW  )H1L&R& )H1L
&R& KDV EHHQ SURSRVHG D PLQLPXP RI XS WR  & ZKHQ JUDSKLWL]DWLRQ SURFHVV ILQLVKHG $OOR\V
EHFRPH PRUH VWDEOH FRQVLGHULQJ VWUXFWXUH VWDWH DQG SK\VLFDO SURSHUWLHV LH QHFHVVDU\ ORZ &7( YDOXHV DIWHU
DQQHDOLQJ&K&K
$OOR\V ZLWK  DQG  & KDYH EHHQ UHFRPPHQGHG IRU XVH EHFDXVH RI FRQVWDQW PRUSKRORJ\ RI JUDSKLWH
LQFOXVLRQVGXULQJ UHSHDWHGKHDWLQJ$VDJDLQVWDERYHPHQWLRQHG DOOR\ZLWK   & GRHVQRWSURYLGHDEVHQFHRI
WKHUPDOHIIHFWVGXULQJKLJKWHPSHUDWXUHV
$FNQRZOHGJHPHQWV
7KLVUHVHDUFKSURMHFWKDVEHHQVXSSRUWHGE\8U)8XQGHUWKH)UDPHZRUN3URJUDPPHURIGHYHORSPHQWRI8U)8
WKURXJKWKH³<RXQJVFLHQWLVWV8U)8´ FRPSHWLWLRQ
5HIHUHQFHV
&KHUPHQVNLL 9, .RQFKDNRYVNLL ,9*UDFKHY690DLRURY$9.XFKLQ363UHFLVLRQFDVWDEOHDOOR\RILQYDUFODVVIRURSHUDWLQJ
WHPSHUDWXUHVXSWR&
*UDFKHY 6 9 )LOLSSRY 0$ &KHUPHQVNLL 9, .KDUFKXN 0' .RQFKDNRYVNLL ,9 =KLOLQ $6 7RNDUHY 99 1LNLIRURYD60 
7KHUPDOSURSHUWLHVDQGVWUXFWXUHRIFDVWFDUERQFRQWDLQLQJLQYDUDQGVXSHULQYDUDOOR\VDIWHUWZRVWDJHDQQHDOLQJ 0HWDO 6FLHQFH DQG
+HDW 7UHDWPHQW  
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*UDFKHY 69 &KHUPHQVNLL 9, .KDUFKXN 0' .RQFKDNRYVNLL ,9 =KLOLQ $6 7RNDUHY 99 1LNLIRURYD609HQHGLNWRYD,$
,PSDFW RIFRPSRVLWLRQRQ WKH WHPSHUDWXUHGHSHQGHQFHRI WKHUPDO SURSHUWLHV RI FDVWLQJ LQYDUDQG VXSHULQYDU DOOR\V >LQ5XVVLDQ@ ,]YHVWLD
Y\VCVKLK\FKHEQLK]DYHGHQ\L
3DUN :6 /HH &6 &KXQ 06 .LP0+ /HH -0 &RPSDUDWLYH VWXG\ RQ PHFKDQLFDO EHKDYLRU RI ORZ WHPSHUDWXUH DSSOLFDWLRQ
PDWHULDOVIRUVKLSVDQGRIIVKRUHVWUXFWXUHV3DUW, ± ([SHULPHQWDOLQYHVWLJDWLRQV0DWHULDOV6FLHQFHDQG(QJLQHHULQJ$  ± 
